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(71) We, CoNsotiDA-KON Goal Gom- 
P-ANY, a CQiporation oigaiiised iinder the laws 
of the State of Delaware, United States of 
America, of Kt^jpers BuiltSng, Pittsbuigh, 

5 Pemisylvania, United States of America, do 
hereby 'dedare the iiivefationj for which we 
pray that a patent may be granted to us, and 
the-metlrod by which it is to be perfbrmedj 
to be particidarly described in and by the 

10 following statement: — 

Carfjon dioxidb (COj) is produced as an 
undesirable by-product in many process^ In 
some of thfee processes, it is deSiraWe to re- 
move the GO2 as fast as it is formed. For 

15 that purpose, solids which readily react with 
CO3 may be used directly iii the raction 
zone, provided they do not react with the other 
reactants. Such solids are sometimes called' 
"COa acoeptois". 

20 When lime (CaOO is used as the CO2 accep- 
tor (and it is the favored acreptor because 
of its generally high ^ectiveness and low 
cost), the reacfion of CaO and OO2 to form 
GaCO, which is exotheimic will provide the 

25 requisite hear, or at least part of it, for endo- 
thermic reactions. 

A process wherein lime may be used to ad- 
vantage as an acceptor for CO, involves the 
steam-carbon reaction which yidds carbon 

30 monoxide (GO), methane (CH^) and hydro- 
gen (Ho), as well as the und«ired CQ^ as a 
by-prodiict. Variants of the process are de- 
scribed in many patents. 

United States Patent No. 2,705,672 is 

35 illustrative. In this process, the heat generated- 
by the reaction of COo and CaO is nearly 
sufficient to supply that required for the endo- 
Ihermic reaction 'between the steam and 
carbon. As described in the cited patent, die 

40 regMieration of the calcium oJdde is accom- 
plished by heating the carbonate to a tem- 
perature of about 1700°F. if the pressure in 
the reg«ierator is atmospheric, or at or above 
1900°F. if . the pressure is at 20 aimo^heres 

45 or above. The cateium cai^joflate is thereby 
converted to CaO, and Ac CO, evolved is 



dischalged for cither purposes. The lime is 
recycled fOr re-use in the process. 

Our experiments have clearly shcfWn that 
the lime undtergoes progressive dfecUhe in its 50 
ability to absorb CO2 despite, or because of, 
its repeated cycling through the regeneration 
process. The decline in activity may be attri- 
buted to growth m crystallite size of the GaO, 
with consequent progressive reduction in pore 55 
volume on recycling through the steam-caibon 
process and associated r^eneration step. In 
any case, the lime finally reaches the point 
where it is essentially inert so far as absorp- 
tion of CO2 is concerned. 60 

The i>rimary object of the present inven- 
tidn is to provide a process of making an 
active CO2 acceptor from CaO which has 
Become inert fcy frequent uses as above de- 
scribed, or which, in its natural state, is not 65 
satisfactorily active. 

According to the invention, there is provided 
a process for regenerating active CaO, wherein 
CaO is u^ to absorb COj to form GaCO, 
which is thereafter calcined to regenerate CaO 70 
for reuse in absorbing additioMl C6j, and 
wherein the CaO after repeated! cydes of 
reuse and regeneration becomes deactivated or 
less effective in the absorption of CO2, which 
comprises converting said deactivated CaO to 75 
Ca(OH)j, heating a mixture of aid Ca(OIH)2 
and either CaO or CaCO^ or both m die 
presence of steam at an elevated pressure which 
is sufficiently ihigh to prevent dehydraticxi of 
the Ca(OH)= until the mixture is melted, allow- 80 
ifig the melted mixtiire to cool to a solid 
state, and talcining the solid to convert the 
Ca(OH)2 to CaO, whereby an active CO, 
acceptor is formed. 

In the various embodiments of the inven- 85 
tion, the <2&0 is regenerated from the CaCO, 
By caldiation at an elevated temperamre, e.g. 
1900OF. As pointed oat above, the CaO 
is in an inactive state, tfie extent of inactivity 
being dependent upon the number of cycles 90 
of caiijonacon and regeneration it has been 
subjeaed to, 
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The above process is based on the fact with water and amverong the Ca(OH)a Aus 
that active CaX) may be obtained by re- obtained bade to CaO. The oveiaU process may 5 
acting the inactive CaO obtained from GaCX>, be illustrated as follows: 

CaCO, CO2 + CaO (inactive form) + HaO-* 
Ca(OH). -> H2O + GaO (active form) 



Otir invention which involves melting the 
10 mixture of Ca(OH)B and CaO and/or CaOQ„ 
is also based upon the fact that Ca(OH)2 forms 
low melting eutectic compositions with CaO, 
or CaCOji or both, as follows: 



!0°F. The phase diagram for this 
wstem is shown in Figure 1. 
2) CaO.Ca(OH)2, melting point— 1454°F. 
The phase diagram for this system is 
shown in Figure 2. 
aO 3) CaO.Ca(OH)s.CaCa. 

In order to operate with compoations of 
the lowest possible melting points, it is 
obviously desirable to regulate the propor- 
tions of the components Oi(OH)j, CaO, and 

25 CaCOj to conform to those of the desired 
eutectics, although our process as outlined^ 
above will still achieve substantial improve- 
ments in activity de^te substantial deviation 
from the eutectic proportions. 

^ In accordance with a preferred embodi- 
ment of this invention, a mixmre of Ca(OBr)2 
and CiCO , in approximately 1 : 1 molar ratio 
is first obtained. This mixture may be obtained 



PTOcedtire No. 1 : Inactive CaO is converted 
to Ca(OH)s by treatment with water (liquid, 
not vapor) at relatively low temperature, e.g. 
300°F. This Ca(OH)3 is then mixed with an 
approximately equimolar amount of CaCO, 
obtained from any source. 
Procedure No. 2: Inactive CaO is converted 
to Ca(OH)2 by treatment with steam in the 
presence of CaCO,. The molar ratio, of 

45 Ca(OH)2 to CaCO,, if not 1: 1, may be ad- 
justed by addSng CO.. 

■nie mixture of Ca(OH)2 and &COs in 
1 : 1 molar ratio obtained by sudi procedures 
is heated to a sufficientiy high temperature in 
the presence of steam to a temperature from 
120O''F. to 1350°F. to mek the mixture. The 
steam pressure in the system is regulated to 
prevent dehydration of the hydroxide and is 
generally 9—30 atmospheres. 

Hie molten mixture is allowed to cool, 
whereby a eutectic solid is formed as shown 
in Figure 1. The eutectic freezing point is 
1180°F. To obtain the eutectic in a finely 
divided solid state, the molten mixture may 

60 sinyly be allowed to crystallize to a solid mass 
which is then grcmnd and screened to re- 
cova- the desired size; or tt? Siolten mixture 



is allowed to drc^ through a cooling tower 
to form uniformly sized particles. T he fin ely 
divided «itectic is subjected to low tenqjeia- 65 
ture dehydration at 1000 to llOOOF. to con- 
vert the Ca(OH).. to CaO, whereby a mixture 
of CaO and CaCOs is produced which may 
then be employed as the CO2 acceptor. As 
such, it has been found not only to be an 70 
active CO- acceptor, but also to be physicdly 
strong so as to withstand many successive 
regenerations before a repeat of the ^30ve- 
described process of this invention must be 
resorted to. ^ " 

It is considered to be within the frame- 
work of the process of the present invention to 
blend various additives with the eutectic melt 
Some additives such as various other addic 
oxides, carbonates, |Aos|Aates, including by 80 
way of iUustration, P=0.„ B^Os, SiOj, AlsO,, 
NflsCOj, may act as stabilizers to inherit CaO 
crystal growdj. Other additives may act as 
catalysts for the reactions in wbidi the CO2 
acceptors are used. 85 

A jwogram was carried out to compare the 
activities of CaO compositions {srepared from 
melts by the process of our invention with 
the activity of natural limestone. 

The charge consisting of Ca(OH)2 and 90 
CaCO, was made up by hydratii^ CaO in 
liquid water and mixing vrith CaOO, such that 
the proportion of Ca(0fH)2 to CaCO, was 
known. The chaise was heated in an autoclave 
to a temperature above the Hqiudus tempera- ^' 
ture, usually to about 1350°F. Excess steam 
pressure was vented. 

The system was held at high tempera- 
ture and pressure, usually 350 p.s.i.g. and 
1350°F. for 20 minutes to ensure complete 1"" 
melting and was then cooled at the rate of 
5°F. per minute to fust below the eutectic 
temperature and then rapidly to room tem- 
perature. 

The frozen melt was then crushed and 
sized to particles of size poing through a 
sieve of 14 X 48 mesh Tyler Standard and 
calcined to CaO in Na at 1600°F. in a 
fluidized bed reactor. The activity was lien 
determined by recaiironaticm at 1 atmosF&ere HO 
pressure in a fluidized bed at 150O°F. using 
pure CO2, TTie activity exjMtssed as fractiraial 
conversion of CkO to CaCO, was determined 
bv weight gain, that is in terms of the carbon 
dioxide absorbed. 115 

TTic activities of a number of mdts pre- 
pared in this way from a natural limestone 
and bean reagent ^rade m^tsrials are oom- 
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pared in Table I below. It is seen that the scribed in tiie previously cited U.S. Patent 

activities of the melts, as long as ihey con- 2,705,672. The activity of the spent acceptor 

tain 40 mole per cent or more CaCO,, are had <iropped to 0.16. He inactive CO was 

substantially identical to that obtainedi from convertexl to Ca(OH)2 by treatment with hot 

the fresh limestone. A deactivated acceptor water at 300°F. for one hour. The resulting 

was prepared by cycling the fresh limestone mix was then melted and its activity deter- 

70 tmies through the calcming and gasifica- mined by the procedure outlined above with 

tion steps of the COa acceptor process de- results shown in Table I. 



Source of CaCOg 


Activity of Melts 

Melt Composition Mole % 
CaCO, Ca(OH)j ao 


Activity 

After 
Melting 


Fresh South Dakota Limeston 


e 47 


53 


0.62 




49 


51 


0.63 


Deactivated Acceptor 


17 


72 U 


0.58 


(Activity 0.16) 


18 


73 9 


0.54 


CP. Reagent Chemicals 


54 


46 


0.62 




50 


50 


0.66 




43 


57 


0.62 




36 


64 


0.61 




20 


80 


0.54 



The activity of calcined fresh South Dakota 



It is seen that the acceptor was substantially - 
completely regenerated, i.e. its activity is 
20 essentially indistinguishable from melts pie- 
pared from fresh materials of the same com- 
position. 

The activity of COa acceptors prepared by 
our process from South Dakota limestone was 
25 compared with that of the raw Umestone by 
continuously recycling through a continuous 
bench scale unit for carrying out tie CO3 
acceptor process described in U.S. Patent No. 
2,705,672. 

30 ^ The acceptors were prepared by mixing 
Ca(OH)2 with raw limestone. The mixture 
was heated to 1350°F. under 350 psig. steam 
pressure until it was completely mehed. The 



is. 0.66 



frozen melt was crushed and sized to obtain 
a 16 X 28 mesh Tyler Standard acceptor for 35 
circulation through the continuous unit. The 
acceptor thus prepared contained 50 mole per 
cent Ca(OH)2 and 50 mole per cent CaOOj. 

Prior to feeding the frozen melt to the 
continuous omit, the Ca(0H)2 was conveittd 40 
to CaO by heating at atmospheric pressm* 
and 1000°F. 

TSie raw limestone and the acceptors of this 
invention were recycled tlirough the regenera- 
tor and gasiiier vessels of die continuous unit 45 
under the conditions shown in Table n. The 
acceptors prepared by the melt process of this 
invention are referred to for convenience as 
melt acceptors. 
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Table II 

Conditions for Acceptor Activity Test 



Acceptor 



16 X 28 Mesh 

South Dalwta 16 x 28 Mesh 
Limestone Mek Acceptor 



System Pressure 
Acceptor Circulation Rate 
Ob./hr.) 

Gasifier Conditions 



35 X 150 mesh dcvolatilized lignite char 

20 atm. — 

5.23 6.53 



Temperature, °F. — 

Char Feed Rate Qb./bx.) — 

Char Bed Inventory, lb. — 

Fluidizing Velocity, ft./sec. 

Outlet Gas Composition, Vol. % 



H^O 

Ha 

CH4 

CO 

CO2 



R^enerator Conditions 

Temperature, °F. 

Fluidizing Velocity, ft/sec. — 

Outlet Gas Composition, Vol. % 



- 1500 - 

- 1.6 - 

- 7.8 - 

- 0.27 - 



17.5 
82.5 



The operation simulates in all details, . a 
commercial CO- acceptor system viith the ex- 
ception that the heat of calcinatioD in the 
regenerator was supplied electrically instead 
of by in situ char combustion. 

During the operation of the continuous imir, 
the acceptor enters the gasifier in the fully 
calcined condition and is lecartwnated on 
falling through the ciiar bed. The driving 
force for recarbonation, i.e. Pcos— (PcD2)equiL 
is 0.5 — 0.8 atmospheres and the residence 
time of the acceptor is 7 minutes. 

The activity is defined as the ratio motes 
CaCOs/total moles Ca in the acceptor leav- 
ing the gasifier. 

The decline in activity of the limestone 
and of iSie melt acceptor on recycling a 
number of times throu^ tiie system for the 
two runs of Table II is shown in Figure 3. 
It is noted that the initial activities of the 
limestone and the melt acceptor containing 
50 mole percent each of Ca(OH)j and CaCOs 
are substantially identicaL The melt^ how- 



ever, declines more rapidly on recycling 
through the wstem. It shouM be noted, how- 
ever, in Table 11 that the r^enerator tem- 
perature was about 30°F. higher in the melt 
acceptor run and this may be the cause of 
the more rapid decline in activity. 

The higher temperature in the melt accep- 
tor run was not accidental. The regenerator 
temperature was limited to 1910<>F. in the 
limestone run to prevent agglrajeiation in the 
regenerator. The melt axxeptor showed kss 
tendency to agglomerate, which pemiitted an 
increase in regenerator temperature to 1940°F. 

The run also diemonstrated one of the 
other beneficial features of die melt acceptor, 
i.e. its high physical scrength. The attrition 
rate on passing the acceptor throug^i the lajo- 
cess was extremely small, i.e. mudi less than 
0.5 weig^it per cent/cycle. 

A generalized type flowsheet which illus- 
trates how the process may be craductEd in 
practice is shown in Figure 4. The flowsheet 
is a process for reactivating an acc^or frwn 
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the sttam-caiton reaction in which carbrai 
monoxide, methane and hydrogen are fonned 
and CXJj is a by-product and wherein CaO 
is used to absorb the CO2 produced and the 

5 resulting CaCOi is calcined to regenerate CaO 
active CO2 accq>tor. The process is adapted 
to produce a mdt acceptor from either spent 
coarse acceptor, attrited acceptor fines, re^ 
cycle fines from crushing and sizing of the 

10 melt, fresh limestone andl any combination of 
the above materials. 

The flowsheet as shown is illustrated for 
continuous operation, althou^ the process may 
be conducted batchwise. 

15 The feed in the feed hopper 10 will con- 
tain a mixture of CaO (from either spent 
acceptor or calcined limestone) and CaCOj. 
The feed mixture is fed to a melting unit 
20 which is a pressurized stirred reactor to 

20 which a mixture of steam and CO2 under 
pressure at 350—1000 psig. is also fed. The 
CaO is converted to Ca(OH)2 by reaction 
with steam while a portion is converted to 
CaCOa by reaction vidth CO2. The relative 

25 amounts of steam and CO^ reacted are ad- 
justed to give die desired proportions of 
Ca(OH)2 and CaCO, in the melt produa, i.e. 
about 50 mole per cent of each. 
The exothermic heats of the hydration and 

30 carbonation reactions are sufficient to achieve 
the desired melting tanparatuies of 1200— 
140O°R, if the soM diarge is preheated to 
600— 800°F. 
The melted acceptor is transferred to a 

35 prilling tower 30 tiuxiugh a sprayhead device 
32. The molten spray is converted to a 
steady stream of droplets of appraximately the 
proper size for use in the gasification plant, 
Ke. between 8 mesh and 28 mesh Tyler Stan- 

40 dard. The melted acceptor is cooled and 
frozen by contact with a gas stream circulated 
under jwessure through die prilling tower from 
a recirculation system 34.. The Ca(OH)a 
undergoes partial dehydration, and the endb- 

45 thenmc heat of this reaction is sufficient to 
cause freezing of the melt 

An alternative arrai^ement is to spray tiie 
kqmd melt into an immiscible liquid in whfch 
a temperature gradient is madntained such that 

50 the liquid drops freeze before passing out of 
the Ixquid. A possibility here, for example, 
IS to spray the melt upward through a bath of 
molten lead. 
The frozen mek droplets are withdrawn to 

55 a hcqjper 40, and thence to a sieving and crush- 
mg Systran 50. The imdersize material ten 
crushmg and sizing is returned to the melt- 
1^ unit. The oversize material is crudied. 

«f desired size is sem to a 

60 calcmmg unh 60 where the acceptor is cal- 
med at IOOQ-I2OOOF. and atmoqjheric 
pressure to convert the Ca(OH)2 to CkO be- 
fore It IS sent to die gasification 



WHAT WE CLAIM IS: — 

1. In a process wherein CaO is used to 65 
absorb CO2 to form CaCOs which is there- 
after calcined to r^enerate CaO for re-use 

in the process, and wherein the CaO after 
repeated re-use becomes deactivated or less 
effective in the absorption of CO2, the im- 70 
provement for restoring said deactivated C^O 
to an effective COj acceptor, which comprises 
the following st^s: (a) converting said de- 
activated CaO to Ca(OH),, (b) heating a mix- 
ture of said Ca(OH)2 and edtiier CaO or 75 
CaCOj or both in the presence of steam at 
an elevated pressure which is sufficiently high 
to prevent dehydfation of the C^(OH)2 until . 
the mixture is melted, (c) allowing the melted 
mixture to cool to a soUd state, and (d) cal- 80 
cining the sohd from step (c) to convert die 
Ca(OB^2 to CaO, whereby an active CO2 ac- 
ceptor IS formed. 

2. A process according to Qaim 1 in which 

the inert CaO is converted in step (a) by 85 
treatment with liquid water. 

3. A process according to Claim 1 in 
which the mixnirc of step (b) is a mixture 
of Ca(OH)2 and CaCOs in approximately 1 : 1 
molar ratio. 90 

4. A process according to Claims 1, 2 or 
3 in which the CO2 is formed as a by-pro- 
duCT when steam is reacted with caibon to 
form CO, CH4 and Hz. 

5. In the reactiwi of steam with carbcm 95 
m which carbon monoxide, methane and 
hydrogen are formed and CO2 is a by-product 
and wherein CaO is used to absorb tiie COs 
produced and the resulting CaCO, is cal- 
cmed to regenerate CaO active CO2 accep- IQO 
tor, the improvemem in the regeneration of 

the CaO active COj-accqrtor, which com- 
prises the following steps: (a) inttoducing a 
mixture of deactivated CaO and CaCQ, into 
a pressurized stirred reactor, (b) feeding a 105 
mixture of steam and COa to said stirred re- 
actor while maintaining the pressure therein 
between 350 and 1000 psig and the tem- 
perature between 1200— 1400°F. wheieby part 
of the CaO is converted to Cs(OH)^ by it- un 
action witii die steam, and part is converted 
to CaCO, by raction wilii CO2, die relative 
amounts of steam and CO2 reacted being 
acfjusted to yield a molten product contain- 
mg about 50 mole percent of Ga(OH)3 and 115 
50 mole percent of CaCO,, (c) coohig the 
moltm product from step (b) to a solid state, 
^ ^) lie solid product to con- 

vert Ca(OH)2 to CkO. 

6. A process acoordii^ to Claim 5 wherein 120 
tlie molten produa from step (b1 is passed 
tinrou^ a prilhng tmver to for^ soM dr^tea 

7. A process for r^enerati:iK CaO in die 
aoive fomi as C02-acceptor, from deactivated 
!^,^^f?'?^"l»^'^"^^°^^<*^T'edand 125 
dlustrated m tiie accompanying drawings 
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MATTHEWS, HADEVAN & CO., 
CJiaitered Patent Agents, 
Haiddan House, 
33 Elmfidd Road, 
Brcanley, Kent BKi ISU. 

Primed for Her Majesty's Stationery Office by the Courier ftess, Lea^mi Spa, 1971. 
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which copies niay be obtained. 



Copied from 10577539 on 05/26/2006 



1229415 COMPLETE SPECIFICATION 

3 SHEETS '^''"'^'"e 's o reproduction of 

tht Original on a. reduced scale 
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PHASE DIAGRAM FOR THE SYSTEM 
CaO— Ca(0H)2 
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